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I. Introduction
The stability system is very important in the operation of electrical power systems. The imbalance between the mechanical input power to power the electrical load on the system caused acceleration in the rotor of the generator (frequency system), and the voltage will deviate from the normal conditions that will lead to the stability of the system when compromised. Instability of the system due to the disruption caused either large or small perturbations disorders. Minor perturbations in here corresponded to sudden and periodically load change. While for large disturbances caused, errors in the system such as short circuit, breaking up the network, load transfer. If this problem is not addressed immediately in the form of large disturbances, as well as the timing of the interference, the system will deviate from normal conditions. Therefore, it is necessary to control equipment on electrical power system that enables the system to react automatically towards deviations. Governor control equipment, AVR (Automatic Voltage Regulator), and the excitation system control equipment must be installed in the electrical power system to maintain the stability of the power system [1] , [2] , [3] . In the study of dynamic stability, it was assumed that changes in torque due to governor's response were ignored due to slow responses compared to the response of the excitation system, therefore the control influenced was the excitation system. Additional reinforcement in the excitation circuit had less effect in stabilizing the system, particularly for the low-frequency oscillation. Low frequency oscillation is between 0.2 to 2.0 Hz [2] , [3] . Lower frequency can be more widespread and becomes inter-area oscillations. This requires additional control device such as Power System Stabilizer (PSS). PSS is an additional control device which serves to dampen and isolate oscillation frequency and voltage locally or globally on the generator as a response towards deviations occurring in the value of a variable that has been set [4] , [5] . To obtain maximum results, proper and optimal parameter's tuning of PSS is necessary to dampen oscillations and stabilize the system as a response of the stabilizing system. In tuning this parameter, intelligent optimization methods, or so-called artificial intelligent can be used. This is a smart method adopted from animal behavior in searching for something. Firefly is one of the intelligent methods that has been widely used for the computation and optimization of a problem. Several methods have been proposed in PSS tuning to determine the optimum parameter values [6] - [17] , one is known to be Firefly Encryption (FA). FA is an algorithm that is inspired by the behavior of fireflies introduced by Xin-She Yang in 2007. Optimum tuning parameters had a wide impact in stabilizing the system. However, there were various and diverse ranges of equipment parameters. To achieve the value of the parameter optimization method faster, FA optimization method was utilized. Response's values were determined by analyzing the value of overshoot and settling time, while for the objective function Comprehensive Damping Index (CDI) was used [14] . Then, the results of the simulation were analyzed by comparing the results of the simulation systems without the use of PSS, systems with PSS, and using PSS tuned with BA.
II. Electrical System Modelling
II.1. Generator Modelling
Modeling generator is needed to analyze the effects of changes in the frequency response and the rotor angle.
By using the transformation park, the synchronous generator can be modeled into a mathematical equation and linearized into equation (1) .
II.2. Exciter Modeling
Excitation equipment is one part of the system where the exciter can set the generator output variables, such as voltage, current, and power factor [4] , [5] .
II.3. Governor Modeling
Governor is a controller that serves to regulate the mechanical torque T m value that becomes the input of the generator [4] , [5] .
Fig. 2. Modeling Governor
II.4. Power System Stabilizer Modeling
PSS is used as a component of additional damping electricity that generates electrical torque. The following is a block diagram of PSS, in which the parameters of KPSS, T1, T2, T3, and T4 will be optimized by an intelligent method of fireflies [4] , [5] .
III. Optimum Design of PSS by Using Firefly
III.1. Optimization Process
To observe the system's response to the use of PSO and UPFC, the linear model of the system was combined with the linear model of PSS and UPFC in a state space equation (2) 
From matrix A above, the eigenvalue system can be observed and can provide information on system stability. Based on the results of the eigenvalue, system performance can be seen through the equation Comprehensive Damping Index (CDI) that is shown in Equations (4), (5) and (6) below:
CRP optimization method is used to tune the parameters of the PSS K PSS , K PP and K ip in UPFC to generate CDI minimum value of the system.
III.2. Firefly Algorithm
Dr. Xin-She Yang at the University of Cambridge discovered this algorithm in 2007. In this algorithm, there are three basic formulations: 1. All the fireflies are unisex so that a firefly would be interested in other fireflies regardless of their gender. 2. The appeal is proportional to the brightness, the fireflies with brightness dimmer will move in the direction of fireflies with brighter brightness and brightness diminishes with increasing distance. If there are no fireflies that have the sunniest brightness, the fireflies will move randomly. 3. The level of brightness of a firefly determined by place of the objective function of fireflies. In the process of optimization problems, firefly light brightness is equal to the value of the objective function. Another form of brightness can be defined in the same way for the fitness function in the genetic algorithm. Based on these three rules, the basic steps of the algorithm firefly (FA) can be summarized as the following pseudo code: 
IV. Result and Analysis
Tuning of Power System Stabilizer using firefly algorithm in Sulselrabar (South, Southeast, and West Sulawesi Regions) system consists of 37 buses with major load centers such as Makassar, Pangkep, Maros, Barruand Pinrang Regencies. The operation data system used was a normal condition, the evening peak load was at 19:00, on Friday, 12 April 2012.
The program used was Matlab 2013 where the load flow studies, network reduction, and firefly algorithm performed in m. file Matlab, while the system modeling was carried out in Matlab Simulink. Figure 4 shows the single line diagram of the system applied in Sulselrabar. The first study was to simulate normal load flow. Calculation method utilized was Newton-Raphson method with a maximum iteration of 100. Table I shows the results of load flow. The results of load flow were used to reduce the number of buses except for bus generator. This will result in a 16×16 of matrix reduction. Table II shows the  algorithm parameters, while Table III illustrates PSS  constraints. Table IV show the PSS parameter by using trial & error method while Table V indicates the results of proposed method by using firefly algorithm. Table VI shows that the values overshoot the frequency response of each method used. From these results, it can be seen that very small overshoot generated by the proposed method (firefly algorithm). For example, the frequency response in Bakaru generator without PSS had amounted to 0.004681 and -0.02563, while by using conventional methods it was found to be 0.003435 and -0.02208, and by using the firefly method, the value was 8.155e-05 & -0.01625. Table VII illustrates the critical eigenvalue of the system of each method used. From these results, it can be seen that the more negative (critical) the eigenvalue would result in the increase of damping value leading to critical condition.
For example, without the use of PSS -0.3056 + 4.6945i and using firefly of -0.3057 + 4.6950. Thus the system becomes a more stable condition. Table VII indicates that the eigenvalue on inter-area oscillation mode of the system, of each method, used. From these results, it can be seen that a large eigenvalue in that mode was improved by using firefly. For example in the inter-area oscillation mode, obtained eigenvalues ever increasing a number of critical conditions, without the use of PSS -0.3056 + 4.6945i and using PSS amounted -0.3057 + 4.6950. Thus the system becomes amore stable condition. The objective function used was to maximize the minimum damping (ζ min ), in combination 16, the placement of PSS in each generator of Sulserabar system, was based on the following equation:
Smart firefly algorithm proposed in this research would find the optimum value of PSS parameter based on the objective used:
The minimum value of minimum damping would be evaluated by the smart method proposed that used Firefly Algorithm. Then, it was obtained from the results the best placement of PSS with the maximum value ζ min higher than ζ 0 . After the placement of optimum PSS determined which was based on damping values of each probability of PSS placement, it can be later on seen and analyzed the system's responses through frequency deviation and rotor angle of each generator. Eigenvalue would also and overshoot of each comparing methods used. The linear system model was given changed demand disturbance as an input with the load 0.05 put onwards Generator Slack of PLTA Bakaru. Due to changes in loads, there were changes on the sides of loads which caused P m < P e , this has caused the frequency of generator to be down. Meanwhile, for rotor angle's response, when P e >P m ,the rotor would slow down, and the rotor angle's response turned into negative: m e MW P P DF     Figures 5-12 above has shown the frequency response of each generator, and this illustrated the responses of changes on rotor angle after loads enhancement at Bakaru Generator (Figures 13-20) . The graph also showed the small frequency of overshoot' responses by using optimum PSS parameter compared to tunning by using the conventional method and uncontrolled system/open loop.
V. Conclusion
In this research, one of additional control for the generator, Power System Stabilizer, was used to provide a solution to the unstable system for 150 kV of Sulselrabar. PSS parameter was optimized based on objective function to maximize minimum damping (ζ min ) on 150 kV system in Sulselrabar. By optimizing the damping value, the results obtained from the overshoot occurred during the load changes was 0.05 pu which could stabilize the system at Bakaru generator.
From the analysis, the proposed method-Firefly Algorithm can be used as a tuning parameter optimization method of 16 PSS generators in Sulselrabar system. The results of the simulation have found that the algorithm can properly tune firefly PSS parameters. This was shown by lesser overshoot generated by the oscillation after a disruption. The firefly system could also accelerate the settling time to switch to the steady state immediately as well as has proven to increase the eigenvalue towards negative values compared to the system without PSS and with conventional PSS. Therefore, we can conclude that the system becomes more stable by the use of firefly system.
